We used the widths of Hβ and [OIII] emission lines to investigate the black hole-bulge relation in radio-loud AGNs, radio-quiet AGNs and NLS1s. The central black hole mass, M bh , is estimated from the Hβ line width and the optical luminosity, and the bulge velocity dispersion, σ, is directly from the width of [OIII] line. We found that the radio-quiet AGNs follow the established M bh − σ relationship in nearby inactive galaxies, while the radio-loud AGNs and NLS1s deviate from this relationship. There are two plausible interpretations for the deviation of radio-loud AGNs. One is that the size of broad line regions (BLRs) emitting Hβ line is overestimated because of the overestimation of optical luminosity, the other is that the dynamics of BLRs and/or narrow line regions (NLRs) in radio-loud AGNs is different from that in radio-quiet AGNs. The deviation of NLS1s may be due to the small inclination of BLRs to the line of sight or the reliability of [OIII] line width as the indicator of stellar velocity dispersion because of its complex multiple components.
INTRODUCTION
Evidence shows that the evolution of black holes and that of their host galaxies appear to be closely coupled. It was found that there is strong correlation between the central black hole masses, M bh , and their bulge stellar velocity dispersion, σ. Tremaine et al. (2002) investigated this relationship in a sample of 31 nearby inactive galaxies and gave a better expression as, 
There are many methods to estimate the central black hole masses (Bian & Zhao 2003a and reference therein) . In these methods, the reverberation method is thought to be more reliable. Using the reverberation mapping method, the sizes of broad line regions (BLRs) and then the central black hole masses were obtained for 37 AGNs (Ho 1998; Wandel et al. 1999; Kaspi et al. 2000) . For some AGNs with available bulge velocity dispersion and the reverberation mapping mass, Gebhardt et al. (2000) and Ferrarese et al. (2001) also found that these AGNs also follow the M bh − σ relation founded in the nearby inactive galaxies. As we know, it is difficult to obtain the bulge velocity dispersion of AGNs. In order to investigate this relation in a larger sample of AGNs, Nelson (2000) used the width of [OIII] line emitting from the narrow line region (NLRs) to indicate the bulge ⋆ E-mail: whbian@njnu.edu.cn velocity dispersion, where σ = F W HM ([OIII])/2.35, and found that these 37 AGNs with the reverberation mapping masses follow the M bh − σ relation. Wang & Lu (2001) investigated this relation in a sample of NLS1s from VeronCetty & Veron (2001) . They used the B band magnitude and the Hβ FWHM to estimate the black hole masses and the [OIII] FWHM to indicate the bulge velocity dispersion. They found that NLS1s also follow the M bh − σ relation but with more scatter. We should notice that NLS1s deviated from the correlation defined in the nearby inactive galaxies if we think [OIII] FWHM is not overestimated because of the spectral resolution. Using the Sloan Digital Sky Survey (SDSS), Boroson (2003) investigated the relation between the black hole mass via the Hβ FWHM and the stellar velocity dispersion via [OIII] FWHM in a sample of 107 low-redshift radio-quiet AGNs. They found the correlation is consistent with that defined in nearby galaxies and the [OIII] FWHM can predict black hole mass to a factor of 5. There are only a few radio-loud AGNs in Boroson (2003) . Shields et al. (2003) also investigated the M bh − σ relation as a function of redshift for an assembled sample of quasars. They suggested that this correlation can be right out to redshift of z ≈ 3. However, Shields et al. (2003) noticed that the radio-loud AGNs seem to deviate from this correlation. lation in a larger sample of AGNs with available optical spectra. Moreover, we need to investigate this correlation in a larger sample of radio-loud AGNs and NLS1s. In next section we present the method to estimate the black hole mass, and then our adopted data set. Our results and discussion are given in section 3. Conclusion is presented in the last section. All of the cosmological calculations in this paper assume H0 = 75 km s −1 Mpc −1 , ΩM = 0.3, ΩΛ = 0.7.
METHOD AND DATA

Estimation the Black Hole Masses
For the reverberation mapping method, it takes a long-term to simultaneously monitor the variability of the broad emission line and the continuum, and then to obtain the BLRs size. Up to now, there are only 37 AGNs with the reverberation mapping mass (Ho 1998; Wandel et al. 1999; Kaspi et al 2000) . Fortunately, with the study of the reverberation mapping method, Kaspi et al. (2000) found an empirical correlation between the BLRs size and the monochromatic luminosity at 5100Å:
where λL λ (5100Å) can be estimated from the optical maginitude by adopting an average optical spectral index of -0.3 and accounting for Galactic redding and K-correction (Wang & Lu 2001) . Assuming that the Hβ widths reflect the Keplerian velocity of the line-emitting BLR material around the central black hole, we can estimate the viral black hole mass:
where G is the gravitational constant, V is the velocity of the line-emitting material. V can be derived from FWHM of the Hβ width. Assuming the random orbits, Kaspi et al.(2000) related V to FWHM of Hβ line by V = ( √ 3/2)FWHM [Hβ] . This method to estimate the central black hole masses of AGNs has been discussed by some authors (Wang & Lu 2001; Bian & Zhao 2003b; Bian & Zhao 2003c; Shields et al. 2003; Boroson 2003) . Willams et al. (2003) presented a sample of 150 low-redshift NLS1s (z < 0.8) found within the SDSS. Using the SDSS Query Tool, we downloaded the spectra data and the photometry data of these 150 NLS1s. We used the Hβ FWHM from their Table 1 . The value of λL λ (5100Å) is estimated from the r * magnitude. Fluxes were converted to luminosity using the Schlegel et al.(1998) maps for correcting for Galactic absorption. We can obtain the central black hole masses in these 150 NLS1s through equation (2) 
Data of NLS1s
Data of Radio-Loud and Radio-Quiet AGNs
For radio-loud and radio-quiet AGNs, we adopted the data of the widths of Hβ line and [OIII] line from Marziani et al. (1996) . Marziani et al. (1996) used a sample of 52 lowredshift (z < 0.8) AGNs with available UV and optical spectra to do a comparative analysis of high-ionization and lowionization lines in BLRs. There are 31 radio-loud AGNs and 21 radio-quiet AGNs in their sample. They found radioloud and radio-quiet AGNs show strong difference on the dynamic of emission lines in BLRs. The sample is suitable to study the difference if any on M bh − σ relation between radio-loud and radio-quiet AGNs. For FWHM of broad component of Hβ line, FeII emission and the narrow component were subtracted. We obtained FWHM of Hβ line from Column (10) and (12) in Table 8 from Marziani et al. (1996) . The absolute optical B band magnitude for these 52 AGNs are adopted from Veron-Cetty & Veron (2001) . The [OIII] line widths are adopted from Column (17) in Table 5 from Marziani et al. (1996) . There are 48 AGNs with available widths of Hβ and [OIII] line. Using equation (2) and (3), we obtained the central black hole masses of 48 AGNs in the sample of Marziani et al. (1996) , including 12 flat-spectrum AGNs, 18 steep-spectrum AGNs, 18 radio-quiet AGNs. The date are listed in Table 2 .
RESULTS AND DISCUSSION
In Fig. 1 and The sample of Shields et al. (2003) included 49 radioquiet AGNs and 35 radio-loud AGNs. Shields et al. (2003) used the Hβ emission line width to investigate the M bh − σ relation as a function of redshift for an assembled sample of quasars. They suggested that this correlation is not a function of redshift and can be right out to redshift of z ≈ 3. They adopted the relation between BLRs sizes and continuum luminosity suggested by photoionization model, R ∝ L 0.5 . In order to consistent with our calculation, we recalculated the black hole masses of AGNs in their sample using the equation (2) Boroson (2003) follow the M bh -σ relation defined in equation (1) with a larger scatter compared with that in Nelson (2001) . However, the radio-loud AGNs in Marziani et al. (1996) and Shields et al. (2003) , and NLS1s in Wang & Lu (2001) and Williams et al. (2003) seemed not follow this relation.
For radio-loud AGNs, the mean black hole mass estimated from Hβ FWHM is larger than that from [OIII] FWHM. For NLS1s, the mean black hole mass estimated from Hβ FWHM is smaller than that from [OIII] FWHM. In Fig. 1 and Fig. 2 , it is clear that radio-loud AGNS and NLS1s deviated from the relation defined in equation (1).
We also calculated the black hole mass, M [OIII] , directly from the equation (1) Table 3 ). It showed that the mass estimated from Hβ line width is consistent with that from the [OIII] line width but with a large scatter, which is consistent with the data of radio-quiet AGNs in Fig.1 . However, the distribution of log(M Hβ /M [OIII] ) for radio-loud AGNs in Marziani et al. (2003) is 0.51 ± 0.13 with a standard deviation of 0.73. It showed that the mass estimated from Hβ line width is larger than that from the [OIII] line width, which is also consistent with the data of radio-loud AGNs in Fig.1 . The distributions of log(M Hβ /M [OIII] ) for radio-loud and radio-quiet AGNs in Shields et al. (2003) are listed in Table 3 . The results for the sample of Shields et al. (2003) are consistent with that for the sample of Marziani et al. (1996) .
Uncertainties of Black Hole Mass and Stellar Velocity Dispersion
In our analysis, we used equations (2)- (3) to calculate the black hole masses and FWHM of [OIII] line to indicate the bulge velocity dispersion. The errors of the calculated black hole masses using equations (2)- (3) are mainly from the accuracy of equation (2)- (3); the geometry and the dynamics of the BLRs, especially the disk inclination to the line of sight in NLS1s (Bian & Zhao 2002) and in flat-spectrum quasars (Jarvis & McLure 2003) . The appropriate measurement of Hβ line width for estimating the black hole mass were discussed by some authors (Vestergaard 2002; Shields et al. 2003) . The error in the mass estimation using equations (2) and (3) is about 0.5 dex (Wang & Lu 2001) . It is possible to measure the luminosity at 5100Å (Lspec) for 147 SDSS NLS1s spectrum. We compared the luminosity at 5100Å estimated from r * (Lr) with that from SDSS spectrum in Fig. 3 . They are consistent and the distribution of log(Lr/Lspec) is 0.21±0.01 with a standard deviation of 0.15. The mean mass estimation using Lr would be enhanced by 0.15 dex compared with that using Lspec.
McLure & Dunlop (2001) suggested that the assumption of random orbits of BLRs seems unrealistic for quasars, and that the BLRs velocity should be related to FWHM of Hβ as V = 1.5 × FWHM [Hβ] . It is equivalent to assume smaller inclination in quasars (see a detail discussion in McLure & Dunlop 2001) . Gu et al. (2001) also used V = 1.5 × FWHM [Hβ] to estimate the velocity of BLRs in radio-loud AGNs. Jarvis & McLure (2002) investigated the relation between the black hole mass and radio luminosity in flat-spectrum quasars. Considering the Doppler boosting correction of the radio luminosity and the inclination correction of the BLRs velocity, they found flat-spectrum quasars follow the relation between radio luminosity and black hole mass found by Dunlop et al. (2003) . Jarvis & McLure (2002) adopted a correction factor of two for the BLRs velocity of flat-spectrum quasars as the effect of inclination, which would increase the black hole mass estimates by a factor of four, ∼ 0.6(dex). Smaller inclination in radio-loud AGNs would enhance the value of BLRs virial velocity derived from Hβ line width and would make radio-loud AGNs deviate much from the line defined by equation (1) in Fig.1 .
The [OIII] line width may be overestimated by a factor of 1.3 because of the poor resolution spectrum (Veilleux 1991; Wang & Lu 2001) . Considering the overestimation of the width of [OIII] line, we found that NLS1s in Wang & Lu (2001) and SDSS NLS1s are also deviated from the relation defined in equation (1) (see Fig. 2 ). The overestimation of bulge velocity dispersion derived from the observed [OIII] line width would also make radio-loud AGNs deviate much from the line defined in equation (1).
Radio-loud AGNs with significant Hβ blueshifts or redshifts have been observed (Marziani et al. 1996) . The oversimple models involving pure rotation or radial motion are unlikely. There are many possible components of motion in the BLRs (Marzinai et al. 1996) . For luminous AGNs, bright emission lines would contribute to the optical continuum luminosity, which would overestimate the BLRs sizes derived from equation (2). It's the use of a broad band luminosity (optical magnitude) not being converted to the luminosity in 5100Åproperly that also accounts for the overestimate of BLRs sizes (also see Fig. 3 ). The optical luminosity may be contaminated by the synchrotron emission from the jet for flat-spectrum quasars whose radio emission is beamed to us (Gu et al. 2001 , Jarvis & McLure 2002 . The overestimated optical continuum luminosity would overestimate BLRs sizes, which would account for the overestimated black hole masses in radio-loud AGNs. This would lead to the deviation from the relation defined in equation (1) for radioloud AGNs. If we think all type of galaxies follow the same M bh − σ correlation, we should be cautious to use equation (2)-(3) to calculate the black hole masses for radio-loud AGNs.
The overestimation of [OIII] FWHM from poor resolution spectrum in NLS1s is about a factor of 1.3, which would lead to about 0.4 dex in black hole mass. For NLS1s, we should consider other causes for the deviation from the correlation defined in equation (1). There are mainly several opinions about the origin about the narrow width of Hβ in NLS1s. One is the small inclinations in NLS1s ( From Fig. 2 , the smaller inclination in NLS1s is possible if we think NLS1s follow the correlation defined by equation (1). Nelson & Whittle (1996) showed in their Fig. 8 that the velocity dispersion from the [OIII] FWHM of the more radio luminous objects tend to be overestimated, which would make radio-loud AGNs deviate much from the correlation defined in equation (1). Tad- For radio-loud AGNs, the [OIII] profile would be complex because of the interaction between radio jet and the interstellar medium (Gelderman et al. 1994) . The research on the relation between narrow component of [OIII] line and the host velocity dispersion, especially for radio-loud AGNs, is needed.
CONCLUSION
The correlation between the central black hole mass and the bulge velocity dispersion was investigated in radio-quiet AGNs, radio-loud AGNs and NLS1s. The main conclusions can be summarized as follows:
• The radio-quiet AGNs follow the M bh −σ correlation defined by equation (1) founded in nearby inactive galaxies, while radio-loud AGNs and NLS1s seem not follow this correlation.
• Small inclination or overestimated bulge velocity dispersion can not account for the deviation of radio-loud AGNs from the correlation defined in equation (1). There are two possibility to explain this deviation in radio-loud AGNs. One is that the size of BLRs emitting Hβ line is overestimated because of the overestimation of optical luminosity, the other is that the dynamics in BLRs and/or NLRs in radio-loud AGNs is different from that in radio-quiet AGNs.
• For NLS1s, small inclination may play a particular role in the deviation from the correlation defined in equation (1). We should consider the inclination effect in the black hole mass estimation using Hβ FWHM. 
